REMARKS 



In view of the foregoing amendments and the following representations, 
reconsideration and allowance of the above-identified application is respectfully 
requested. Claims 1-14, 16 and 18-22 are pending in the present application. 

In the Office Action, the Examiner rejected claims 1-3, 9-14, 16 and 18-22 
under 35 U.S.C. § 102(b) as being anticipated by Sherman et al., United States 
Patent No. 6,274,171 (hereinafter "the Sherman reference") and rejected claims 1-14, 
16 and 18-22 under 35 U.S.C. § 103(a) as being unpatentable over the Sherman 
reference in view of Jerussi et al., United States Patent No. 6,342,533 (hereinafter 
"the Jerussi reference"). 

In an effort to expedite prosecution of the present application, Applicants 
have amended claim 1, the only pending independent claim to specifically indicate 
that both the immediate release pellet and the extended release pellet comprise an 
inert sugar pellet. No new matter is added by this amendment. Support can be 
found in claim 6 as originally filed, on page 6, lines 5-15 of the present specification 
and Examples 1, 2 and 3 that appear on pages 10-17 of the present specification. 

Applicants respectfully submit that the presently amended claims are 
patentable over the Sherman reference either alone or combined with the Jerussi 
reference. 

The Examiner is correct that the Sherman reference discloses an extended 
release, i.e. controlled release, venlafaxine formulation that comprises coated 
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venlafaxine pellets or spheroids. The coated venlafaxine pellets disclosed in the 
Sherman reference are prepared by an extrusion/ spheronization process and are 
prepared with microcrystalline cellulose. There is no disclosure or suggestion in 
the Sherman reference that sugar could be used to prepare the venlafaxine pellets 
as required by the amended claims in the present application. 

Microcrystalline cellulose is a water insoluble material. Sugar is a water 
soluble material. Attached hereto as Exhibit A are portions from the Handbook of 
Pharmaceutical Excipients, 4 th ed. that confirms the different solubilities. In view of 
the differences in solubility, an individual of ordinary skill would not be lead to 
substitute sugar for the microcrystalline cellulose of the Sherman reference, 
especially in venlafaxine pellets coated with a water insoluble polymer as required 
by the pending claims. The differences in solubility would produce different 
osmotic pressures that could adversely affect that the controlled release of 
venlafaxine from the coated pellets. 

In view of this difference between the pending claims and the teachings of 
the Sherman reference, it is respectfully submitted that the pending claims are 
patentable over the teachings of the Sherman reference. 

The addition of the Jerussi reference fails to overcome, the deficiencies of the 
Sherman reference. The Jerussi reference fails to provide any guidance for 
preparing a controlled release formulation as recited in the pending claims. The 
Jerussi reference provides a very general disclosure on preparing venlafaxine 
formulations. See Col. 16, line 31 to Col. 20, line 27. No where in this general 
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disclosure is there any suggestion to prepare a controlled release venlafaxine 
formulation as recited in the pending claims which comprises both an immediate 
release venlafaxine pellet and an extended release venlafaxine pellet wherein both 
pellets contain sugar. 

The Jerussi reference does disclose a capsule and a tablet venlafaxine 
formulation. Col. 27, line 49 to Col. 28, line 35. Neither of these formulations 
employ sugar. Moreover, neither of these formulations employs a combination of 
an immediate release venlafaxine pellet and an extended release venlafaxine pellet. 
Based upon the use the disintegrant, croscarmellose, in both formulations disclosed 
in the Jerussi reference, it is believed that both formulations are immediate release 
formulations and not controlled release formulations as required by the pending 
claims. 

It is further submitted that the addition of the Jerussi reference to the 
Sherman reference teaches away from the present invention. Specifically, the 
Jerussi reference teaches that mono and disaccharides can cause isomers of 
venlafaxine to decompose and therefore the use of mono and disaccharides in 
formulations should be avoided. See Col. 18, lines 26-32. In light of teaching 
and the overwhelming disclosures in the Sherman and Jerussi references to use 
microcrystalline cellulose, it is respectfully submitted that an individual of 
ordinary skill would not be motivated to use sugar, a disaccharide, to prepare an 
immediate release venlafaxine pellet and an extended release venlafaxine pellet 
as required by the pending claims. 
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Based upon the foregoing amendments and representations, Applicants 
respectfully submit that the rejection of the claims in the above-identified 
application have been overcome and should be withdrawn. Early and favorable 
action is earnestly solicited. 



MAILING ADDRESS : 

HEDMAN & COSTIGAN, P.C. 
1185 Avenue of the Americas 
New York, NY 10036-2601 
(212) 302-8989 




I hereby certify that this 
correspondence is being 



deposited with the United States Postal Service as 
first class mail in an envelope addressed fa 
Commissioner for Patents 
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Cellulose, Microcrystalline 



1 Nonproprietary Names 

BP: Microcrystalline cellulose 
JP: Microcrystalline cellulose 
PhEur: Cellulosum microcristallinum 
USPNF: Microcrystalline cellulose 

2 Synonyms 

Avicel PH; Celex; cellulose gel; Celphere; Ceolus KG; crystal- 
line cellulose; E460; Emcocel; Ethispheres; Fibrocel; Pharma- 
cel; Tabulose; Vivapur. 

3 Chemical Name and CAS Registry Number 

Cellulose [9004-34-6] 

4 Empirical Formula Molecular Weight 

(C 6 H 10 O 5 ) w « 36 000 

where n % 220. 



5 Structural Formula 




/ n 



6 Functional Category 

Adsorbent; suspending agent; tablet and capsule diluent; tablet 
disintegrant. 



7 Applications in Pharmaceutical Formulation 
or Technology 

Microcrystalline cellulose is widely used in pharmaceuticals, 
primarily as a binder/diluent in oral tablet and capsule for- 
mulations where it is used in both wet-granulation and direct- 
compression processes/ 1-7 * In addition to its use as a binder/ 
diluent, microcrystalline cellulose also has some lubricant (8) 
and disintegrant properties that make it useful in tableting. 

Microcrystalline cellulose is also used in cosmetics and food 
products; see Table I. 



8 Description 

Microcrystalline cellulose is a purified, partially depolymerized 
cellulose that occurs as a white, odorless, tasteless, crystalline 
powder composed of porous particles. It is commercially 
available in different particle sizes and moisture grades that 
have different properties and applications. 



Table I: Uses of microcrystalline cellulose. 



Use 


Concentration (%) 


Adsorbent 


20-90 


Antiadherent 


5-20 


Capsule binder/diluent 


20-90 


Tablet disintegrant 


5-15 


Tablet binder/diluent 


20-90 



9 Pharmacopeial Specifications 

See Table II. 



Table II: Pharmacopeial specifications for microcrystalline cellulose. 



Test 


JP 2001 


PhEur 2002 


USPNF 20 






Suppl 4.2 




Identification 


+ 


+ 


+ 


Characters 


+ 


+ 




pH 


5.0-7.0 


5.0-7.5 


5.0-7.0 


Bulk density 


+ 




+ 


Loss on drying 


<7.0% 


<6.0% 


^7.0% 


Residue on ignition 


^0.05% 




<0.05% 


Conductivity 


+ 




+ 


Sulfated ash 




^0.1% 




Ether-soluble substances 


^0.05% 


^0.05% 


^0.05% 


Water-soluble substances 


+ 


^0.25% 


^0.24% 


Heavy metals 


^ lOppm 


^ lOppm 


< 0.001% 


Starch 




+ 




Organic volatile impurities 






+ 


Microbial limits 


+ 


+ 


+ 



10 Typical Properties 

Angle of repose: 

49° for Ceolus KG 

34.4° for Emcocel 90M {9) 
Density (bulk): 

0.337 g/cm 3 

0.32 g/cm 3 for Avicel PH-101 {10) 
0.29 g/cm 3 for Emcocel 90M {9) 
Density (tapped): 
0.478 g/cm 3 

0.45 g/cm 3 for Avicel PH-101 m 

0.35 g/cm 3 for Emcocel 90M (9) 
Density (true): 1.512-1.668 g/cm 3 
Flowability: 1.41 g/s for Emcocel 90M. (9) 
Melting point: chars at 260-270°C 

Moisture content: typically less than 5% w/w. However, 

different grades may contain varying amounts of water! 

Microcrystalline cellulose is hygroscopic.* 11 * See Table III. 
Particle size distribution: typical mean particle size is 20- 

200 urn. Different grades may have a different nominal 

mean particle size; see Table III. 
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SEM: 1 

Excipient: Microcrystalline cellulose 
Manufacturer: Penwest Pharmaceuticals Co. 
Lot No.: 98662 
Magnification: 100 x 




SEM: 2 

Excipient: Microcrystalline cellulose 
Manufacturer: Penwest Pharmaceuticals Co. 
Lot No.: 98662 
Magnification: 300 x 




Solubility: slightly soluble in 5% w/v sodium hydroxide solu- 
tion; practically insoluble in water, dilute acids, and most 
organic solvents. 

Specific surface area: 

1.06-1.12 m 2 /g for Avicel PH-101 
1.21-1.30 m 2 /g for Avicel PH-102 
0.78-1 . 1 8 m 2 /g for Avicel PH-200 



1 1 Stability and Storage Conditions 

Microcrystalline cellulose is a stable though hygroscopic 
material. The bulk material should be stored ih a well-closed 
container in a cool, dry place. 



1 2 Incompatibilities 

Microcrystalline cellulose is incompatible with strong oxidiz- 
ing agents. 



Table III: Properties of selected commercially available, grades of 
microcrystalline cellulose. 



tirade 


Nominal 


Particle size analysis 


Moisture 




mean 






content (%) 




particle size 








(ujnj 












Mesh size 


Amount 










retained (%) 




Avicel PH-101 {a) 


50 


60 


<1.0 


<5.0 






200 


^30.0 




Avicel PH-W2 {a) 


100 


60 


<8.0 


^5.0 






200 


£45.0 




Avicel PH-103 {a] 


50 


60 


^1.0 


^3.0 






200 


<30.0 




Avicel PH-10$ a] 


20 


400 


^1.0 


^5.0 


Avicel PH-112 {a] 


100 


60 


^8.0 


<1.5 


Avicel PH-113 {a) 


50 


60 


^1.0 


^1.5 






200 


^30.0 




Avicel PH-20$ o) 


180 


60 


£10.0 


^5.0 






100 


£50.0 




Avicel PH-301 [a) 


50 


60 


<1.0 


^5.0 






200 


<30.0 




Avicel PH-302 {a] 


100 


60 


^8.0 


^5.0 






200 


£45.0 




Celex 101 {b) 


75 


60 


^1.0 


^5.0 






200 


£30.0 




Ceolus KG-802 {c) 


50 


60 


^0.5 


^6.0 






200 


^30.0 




Emcocel 50M {6) 


51 


60 


^0.25 


<5.0 






200 


^30.0 




Emcocel 90M {6) 


91 


60 


^8.0 


^5.0 






200 


£45.0 




Vivapur 101 {e) 


50 


60 


^1.0 


<5.0 






200 


^30.0 




Vivapur 702 ,e) 


90 


60 


^8.0 


^5.0 


Vivapur J2 (e) 




200 


£45.0 




160 


38 


<1.0 


<5.0 






94 


^50.0 





Suppliers: ,a) FMC Biopolymer; w International Specialty Products; ,c, Asahi Kasei Corporation; 
,d} Penwest Pharmaceuticals Co.; W J Rettenmaier & Sonne GmbH. 
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SEM: 3 

Excipient: Microcrystalline cellulose 
Manufacturer: FMC Biopolymer 
Magnification: 100 x 




1 3 Method of Manufacture 

Microcrystalline cellulose is manufactured by the controlled 
hydrolysis with dilute mineral acid solutions of a-cellulose, 
obtained as a pulp from fibrous plant materials. Following 
hydrolysis, the hydrocellulose is purified by filtration and the 
aqueous slurry is spray-dried to form dry, porous particles of a 
broad size distribution. 

14 Safety 

Microcrystalline cellulose is widely used in oral pharmaceuti- 
cal formulations and food products and is generally regarded 
as a relatively nontoxic and nonirritant material. 

Microcrystalline cellulose is not absorbed systemically fol- 
lowing oral administration and thus has little toxic potential. 
Consumption of large quantities of cellulose may have a 
laxative effect, although this is unlikely to be a problem when 
cellulose is used as an excipient in pharmaceutical formulations. 

Deliberate abuse of formulations containing cellulose, 
either by inhalation or by injection, has resulted in the forma- 
tion of cellulose granulomas. (12) 

1 5 Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quantity of material handled. Microcrystalline cellulose 
may be irritant to the eyes. Gloves, eye protection, and a dust 
mask are recommended. In the UK, the occupational exposure 
limits for cellulose have been set at 10mg/m 3 long-term (8- 
hour TWA) for total inhalable dust and 4 mg/m 3 for respirable 
dust; the short-term limit for total inhalable dust has been set at 
20mg/m 3 . (13) 

1 6 Regulatory Status 

GRAS listed. Accepted for use as a food additive in Europe. 
Included in the FDA Inactive Ingredients Guide (inhalations; 
oral capsules, powders, suspensions, syrups, and tablets; 
topical and vaginal preparations). Included in nonparenteral 
medicines licensed in the UK. 



1 7 Related Substances 

Microcrystalline cellulose and carrageenan; microcrystalline 
cellulose and carboxymethylcellulose sodium; microcrystalline 
cellulose and guar gum; powdered cellulose; silicified micro- 
crystalline cellulose. 

Microcrystalline cellulose and carrageenan 

Synonyms: Lustre Clear, 

Comments: Lustre Clear (FMC Biopolymer) is an aqueous 
film coating combining microcrystalline cellulose and 
carrageenan. 

Microcrystalline cellulose and carboxymethylcellulose 
sodium 

Synonyms: Avicel CL-611; Avicel RC-581; Avicel RC-591; . 
colloidal cellulose; dispersible cellulose. 

Appearance: white, odorless and tasteless, hygroscopic powder. 

Acidity/alkalinity: pH = 6-8 for a 1.2% w/v aqueous disper- 
sion. 

Moisture content: not more than 6.0% w/w. 
Particle size distribution: 

Avicel CL-611: ^0.1% retained on a #60 mesh and 

^50% retained on a #325 mesh 

Avicel RC-581: ^0.1% retained on a #60 mesh and 
^35% retained on a #200 mesh 

Avicel RC-591: ^0.1% retained on a #60 mesh and 
^45% retained on a #325 mesh 

Solubility: practically insoluble in dilute acids and organic 
solvents. Partially soluble in dilute alkali and water (car- 
boxymethylcellulose sodium fraction). 

Viscosity (dynamic): 

5-20 mPas (5-20 cP) for a 1.2% w/v aqueous dispersion of 
Avicel CL-611 

72-168 mPas (72-168 cP) for Avicel RC-581 at the same 
concentration 

39-91 mPas (39-91 cP) for Avicel RC-591 at the same 
concentration 

Comments: mixtures of microcrystalline cellulose and 
carboxymethylcellulose sodium that are dispersible in 
water and produce thixotropic gels are suitable as suspend- 
ing vehicles in pharmaceutical formulations. The amount of 
carboxymethylcellulose present can vary between 8.3% 
and 18.8% w/w depending upon the grade of material. 

Microcrystalline cellulose and guar gum 

Synonyms: Avicel CE-15, 

Comments: Avicel CE-15 (FMC Biopolymer) is a coprocessed 
mixture of microcrystalline cellulose and guar gum used in 
chewable tablet formulations. 



1 8 Comments 

Several different grades of microcrystalline cellulose are com- 
mercially available that differ in their method of manufac- 
ture/ 14 ' 5) particle size, moisture, flow, and other physical 
properties. 1 6_2J) The larger-particle-size grades generally pro- 
vide better flow properties in pharmaceutical machinery. Low- 
moisture grades are used with moisture-sensitive materials. 
Higher-density grades have improved flowability. 

Several coprocessed mixtures of microcrystalline cellulose 
with other excipients such as carrageenan, carboxymethylcel- 
lulose sodium, and guar gum are commercially available; see 
Section 17. 
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Celphere (Asahi Kasei Corporation) is a pure spheronized 
microcrystalline cellulose available in several different particle 
size ranges. 
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1 Nonproprietary Names 

BP: Sucrose 
JP: Sucrose 
PhEur: Saccharum 
USPNF: Sucrose 

2 Synonyms 

Beet sugar; cane sugar; a-D-glucopyranosyl-P-D-fructofurano- 
side; refined sugar; saccharose; sugar. 

3 Chemical Name and CAS Registry Number 

P-D-fructofuranosyl-a-D-glucopyranoside [57-50-1] 

4 Empirical Formula Molecular Weight 

C12W22O11 342.30 

5 Structural Formula 




6 Functional Category 

Base for medicated confectionery; granulating agent; sugar 
coating adjunct; suspending agent; sweetening agent; tablet 
and capsule diluent; viscosity-increasing agent. 

7 Applications in Pharmaceutical Formulation 
or Technology 

Sucrose is widely used in oral pharmaceutical formulations. 

Sucrose syrup, containing 50-67% w/w sucrose, is used in 
tableting as a binding agent for wet granulation. In the 
powdered form, sucrose serves as a dry binder (2-20% w/w) 
or as a bulking agent and sweetener in chewable tablets and 
lozenges. (1> Tablets that contain large amounts of sucrose may 
harden to give poor disintegration. 

The coprecipitation of sucrose esters with hydrophobic 
drugs such as nifedipine has been shown to enhance the 



dissolution of such drugs. Sucrose esters apparently act as a 
water-soluble carrier upon coprecipitation, thereby allowing 
hydrophobic drugs to be more readily wetted. (2) 

Sucrose syrups are used as tablet-coating agents at concen- 
trations between 50% and 67% w/w. With higher concentra- 
tions, partial inversion of sucrose occurs, which makes sugar 
coating difficult. 

Sucrose syrups are also widely used as vehicles in oral 
liquid-dosage forms to enhance palatability or to increase 
viscosity/ 3 * 

Because sucrose is nontoxic, biodegradable, and has good 
emulsifying properties, esters of sucrose have been used 
increasingly in cosmetic formulations. (4> 

Palmitate and stearate esters of sucrose have been used to 
stabilize suspensions of drugs such as paracetamol. When 
present at concentrations up to 0.2%, these esters have 
successfully prevented formation of drug crystals for periods 
as long as 1 year. <5) 

Sucrose is also widely used in foods and confectionery, and 
therapeutically in sugar pastes that are used to promote wound 
healing. (6 ' 7) See Table I. 



Table I: Uses of sucrose. 



Use 


Concentration (% w/w) 


Syrup for oral liquid formulations 


67 


Sweetening agent 


67 


Tablet binder (dry granulation) 


2-20 


Tablet binder (wet granulation) 


50-67 


Tablet coating (syrup) 


50h57 



8 Description 

Sucrose is a sugar obtained from sugar cane (Saccharum 
officinarum Linne (Fam. Gramineae)), sugar beet (Beta vul- 
garis Linne (Fam. Chenopodiaceae)), and other sources. It 
contains no added substances. Sucrose occurs as colorless 
crystals, as crystalline masses or blocks, or as a white crystal- 
line powder; it is odorless and has a sweet taste. 

9 Pharmacopeial Specifications 

See Table II. 

10 Typical Properties 

Density (bulk): 

0.93 g/cm 3 (crystalline sucrose) 

0.60 g/cm 3 (powdered sucrose) 
Density (tapped): 

1.03 g/cm (crystalline sucrose) 

0.82 g/cm 3 (powdered sucrose) 
Density (true): 1.6 g/cm 3 
Dissociation constant: pJC a = 12.62 

Flowability: crystalline sucrose is free flowing, whereas pow- 
dered sucrose is a cohesive solid. 
Melting point: 160-1 86°C (with decomposition) 
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Table II: Pharmacopeial specifications for sucrose. 



Test 



JP 2001 



PhEur 2002 USPNF 20 



Identification + 

Characters — 

Appearance of solution + 

Acidity or alkalinity + 

Specific optical rotation +66.3° to 
' +67.0° 

Conductivity + 

Water ^0.1% 



+ 
+ 
+ 
+ 

+66.3° to 
+67.0° 

+ 

^o.i% 



^+65.9° 



Endotoxins 0 
Dextrins a + 
Dextrose and invert sugar — 
Invert sugar + 
Chloride — 
Sulfate — 
Sulfites 
Calcium 
Heavy metals 
Lead 

Residue on ignition 
Organic volatile impurities— 



^0.25IU/mg <0.25IU/mg - 



+ 

^0.0035% 
^0.006% 



^ 1 5 ppm ^ 1 5 ppm — 



^0.5 ppm ^0.5 ppm — 



+ 

^5 ppm 



^0.05% 
+ 



<a) If sucrose is to be used in large volume infusions. 

Moisture content: finely divided sucrose is hygroscopic and 

absorbs up to 1% water. (8) See Figure 1. 
Osmolarity: a 9.25% w/v aqueous solution is isoosmotic with 

serum. 

Particle size distribution: powdered sucrose is a white, irregu- 
lar-sized granular powder. The crystalline material consists 
of colorless crystalline, roughly cubic granules. See Figure 2 
and Figure 3. 

Refractive index: n^ 5 = 1.34783 (10% w/v aqueous solution) 
Solubility: see Table III. 

Table 111: Solubility of sucrose. 



Solvent 



Solubility at 20°C unless otherwise stated 



Chloroform 
Ethanol 
Ethanol (95%) 
Propan-2-ol 
Water 



Practically insoluble 
1 in 400 
1 in 170 
1 in 400 
1 in 0.5 

1 in 0.2 at 100°C 



SEM: 1 

Excipient: Sucrose 

Manufacturer: Great Western Sugar Co. 
Lot No.: 1-2-80 
Magnification: 60 x 
Voltage: 10 kV 




SEM: 2 

Excipient: Sucrose 

Manufacturer: Great Western Sugar Co. 
Lot No.: 1-2-80 
Magnification: 600 x 
Voltage: 10 kV 




Specific gravity: see Table IV. 

Table IV: Specific gravity of aqueous sucrose solutions. 

Specific gravity at 20°C 



Concentration of aqueous sucrose 
solution (% w/w) 



2 


1 .0060 


6 


1.0219 


10 


1.0381 


20 


1.0810 


30 


1.1270 


40 


1.1764 


50 


1 .2296 


60 


1 .2865 


70 


1.3471 


76 


1 .3854 




1 1 Stability and Storage Conditions 

Sucrose has good stability at room temperature and at 
moderate relative humidity. It absorbs up to 1% moisture, 
which is released upon heating at 90°C. Sucrose caramelizes 
when heated to temperatures above 160°C. Dilute sucrose 
solutions are liable to fermentation by microorganisms but 
resist decomposition at higher concentrations, e.g., above 60% 
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w/w concentration. Aqueous solutions may be sterilized by 
autoclaving or filtration. 

When sucrose is used as a base for medicated confectionery, 
the cooking process, at temperatures rising from 110 to 145°C, 
causes some inversion to form dextrose and fructose (invert 
sugar). The fructose imparts stickiness to confectionery but 
prevents cloudiness due to graining. Inversion is accelerated 
particularly at temperatures above 130°C and by the presence 
of acids. 

The bulk material should be stored in a well-closed con- 
tainer in a cool, dry place. 

IOOi -i 



80" 



\0 




Relative humidity (%) 

Figure 1: Moisture sorption-desorption isotherm of powdered 
sucrose. 

Samples dried initially at 60° C over silica gel for 24 hours. 
Note: at 90% relative humidity, sufficient water was 
absorbed to cause dissolution of the solid. 




Particle diameter (jam) 
Figure 2: Particle size distribution of crystalline sucrose. 




J I I 

160 200 



Particle diameter (um) 
Figure 3: Particle size distribution of powdered sucrose. 
■'. i 

12 Incompatibilities 

Powdered sucrose may be contaminated with traces of heavy 
metals, which can lead to incompatibility with active ingredi- 
ents, e.g., ascorbic acid. Sucrose may also be contaminated 
with sulfite from the refining process. With high sulfite con- 
tent, color changes can occur in sugar-coated tablets; for 
certain colors used in sugar-coating the maximum limit for 
sulfite content, calculated as sulfur, is 1 ppm. In the presence of 
dilute or concentrated acids, sucrose is hydrolyzed or inverted 
to dextrose and fructose (invert sugar). Sucrose may attack 
aluminum closures. (9) 

1 3 Method of Manufacture 

Sucrose is obtained from the sugar cane plant, which contains 
15-20% sucrose, and sugar beet, which contains 10-17% 
sucrose. Juice from these sources is heated to coagulate 
water-soluble proteins, which are removed by skimming. The 
resultant solution is then decolorized with an ion-exchange 
resin or charcoal and concentrated. Upon cooling, sucrose 
crystallizes out. The remaining solution is concentrated again 
and yields more sucrose, brown sugar, and molasses. 

14 Safety 

Sucrose is hydrolyzed in the small intestine by the enzyme 
sucrase to yield dextrose and fructose, which are then 
absorbed. When administered intravenously, sucrose is 
excreted unchanged in the urine. 

Although sucrose is very widely used in foods and pharma- 
ceutical formulations, sucrose consumption is a cause of 
concern and should be monitored in patients with diabetes 
mellitus or other metabolic sugar intolerance. (10) 

Sucrose is also considered to be more cariogenic than other 
carbohydrates since it is more easily converted to dental 
plaque. For this reason, its use in oral pharmaceutical formula- 
tions is declining. 

Although sucrose has been associated with obesity, renal 
damage, and a number of other diseases, conclusive evidence 
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linking sucrose intake with some diseases could not be estab- 
lished. 0 1,12> It was, however, recommended that sucrose 
intake in the diet should be reduced.* 12) 

LD 50 (mouse, IP): 14g/kg (13) 
LD 50 (rat, oral): 29.7 g/kg 

1 5 Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quantity of material handled. Eye protection and gloves 
are recommended. In the UK, the occupational exposure 
limit for sucrose is 10mg/m 3 long-term (8-hour TWA) and 
20mg/m 3 short-term. (14) 

1 6 Regulatory Status 

GRAS listed. Included in the FDA Inactive Ingredients Guide 
(oral capsules, solutions, syrups, and tablets). Included in 
nonparenteral and parenteral medicines licensed in the UK. 

1 7 Related Substances 

Compressible sugar; confectioner's sugar; invert sugar; sugar 
spheres. 

Invert sugar 

Empirical formula: QHi 2 0 6 
Molecular weight: 180.16 
CAS number: [8013-17-0] 

Comments: an equimolecular mixture of dextrose and fructose 
prepared by the hydrolysis of sucrose with a suitable 
mineral acid such as hydrochloric acid. Invert sugar may 
be used as a stabilizing agent to help prevent crystallization 
of sucrose syrups and graining in confectionery. A 10% 
aqueous solution is also used in parenteral nutrition. 

1 8 Comments 

For typical boiling points of sucrose syrups, without inversion 
of the sugar, see Table V. 

The EINECS number for sucrose is 200-334-9. 

Table V: Boiling points of sucrose syrups. 



Sucrose concentration (% w/v) Boiling point (°C) 



50 


101.5 


60 


103 


64 


104 


72 


105.5 


75 


107 


77.5 


108.5 


80 


110.5 
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1 Nonproprietary Names 

USPNF: Compressible sugar 



2 Synonyms 

Di-Pac; direct compacting sucrose. 

3 Chemical name and CAS Registry Number 

See Section 4 and Section 18. 

4 Empirical Formula Molecular Weight 

The USPNF 20 states that compressible sugar contains not less 
than 95.0% and not more than 98.0% of sucrose 
(Q2H22O11). It may contain starch, maltodextrin, or invert 
sugar, and may contain a suitable lubricant. 



5 Structural Formula 

See Section 4. 



6 Functional Category 

Sweetening agent; tablet and capsule diluent. 



7 Applications in Pharmaceutical Formulation 
or Technology 

Compressible sugar is used primarily in the preparation of 
direct-compression chewable tablets. Its tableting properties 
can be influenced by small changes in moisture level;* ,2) see 
Table I. 



Table I: Uses of compressible sugar. 



Use 


Concentration (%) 


Dry binder in tablet formulations 


5-20 


Filler in chewable tablets 


20-40 


Filler in tablets 


20hS0 


Sweetener in chewable tablets 


1CW0 



8 Description 

Compressible sugar is a sweet-tasting, white, crystalline 
powder. 

9 Pharmacopeial Specifications 

See Table II. 



Table II: Pharmacopeial 


specifications for compressible sugar. 


Test 


USPNF 20 


Identification 


+ 


Calcium 


+ 


Chloride 


< 0.0 14% 


Heavy metals 


^5 ppm 


Loss on drying 


0.25-1 .0% 


Residue on ignition 




Microbial limits 


+ 


Organic volatile impurities 


+ 


Sulfate 


< 0.0 10% 


Assay 


95.0-98.0% 



10 Typical Properties 

Density (bulk): 0.492 g/cm 3 
Density (tapped): 0.6 g/cm 3 
Moisture content: 0.57% 

Particle size distribution: for Di-Pac, 3% maximum retained 
on a #40 (425 um) mesh; 75% minimum through a #100 
(150 um) mesh; 5% maximum through #200 (75 um) mesh. 

'Solubility: the sucrose portion is water-soluble. 

Specific surface area: 0.13-0.14 m 2 /g 



1 1 Stability and Storage Conditions 

Compressible sugar is stable in air under normal storage 
conditions of room temperature and low relative humidity. 
The bulk material should be stored in a well-closed container 
in a cool, dry place. 



12 Incompatibilities 

Incompatible with dilute acids, which cause hydrolysis of 
sucrose to invert sugar, and with alkaline earth hydroxides, 
which react with sucrose to form sucrates. 



1 3 Method of Manufacture 

Compressible sugar is prepared by cocrystallization of sucrose 
with other excipients such as maltodextrin/ 1 ) Compressible 
sugar may also be prepared using a dry granulation process. 

14 Safety 

Compressible sugar is generally regarded as a relatively non- 
toxic and nonirritant material. See also Sucrose. 

1 5 Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quantity of material handled. See also Sucrose. 
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16 Regulatory Status 

Included in the FDA Inactive Ingredients Guide (capsules and 
tablets). Included in nonparenteral medicines licensed in the 
UK. 



1 7 Related Substances 

Confectioner's sugar; sucrose; sugar spheres; Sugartab. 
Sugartab 

Appearance: Sugartab (Pen west Pharmaceuticals Co.) is a 
compressible sugar that does not conform to the USPNF 
20 specification. It is an agglomerated sugar product con- 
taining approximately 90-93% sucrose, the balance being 
invert sugar. 

Density (bulk): 0.60 g/cm 3 

Density (tapped): 0.69 g/cm 3 

EINECS number: [64333-34-2] 

Flowability: 42.7g/s 

Moisture content: 0.20-0.57%. 

Particle size distribution: 30% through a #20 (850 urn) mesh; 
3% through a #30 (600 urn) mesh. 
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Sugar, Confectioner's 



1 Nonproprietary Names 

USPNF: Confectioner's sugar 

2 Synonyms 

Icing sugar; powdered sugar. 

3 Chemical Name and CAS Registry Number 

See Section 4. 

4 Empirical Formula Molecular Weight 

The USPNF 20 describes confectioner's sugar as a mixture of 
sucrose (C12H22O11) and corn starch that has been ground to a 
fine powder; it contains not less than 95.0% sucrose. 

5 Structural Formula 

See Section 4 and Sucrose. 

6 Functional Category 

Sugar coating adjunct; sweetening agent; tablet and capsule 
diluent. 



SEM: 1 

Excipient: Confectioner's sugar 
Manufacturer: Frost 
Lot No.: 101A-1 
Magnification: 60 x 
Voltage: 20 kV 
E SS 

—IP 




7 Applications in Pharmaceutical Formulation 
or Technology 

Confectioner's sugar is used in pharmaceutical formulations 
when a rapidly dissolving form of sugar is required for 
flavoring or sweetening. It is used, as a diluent in solid-dosage 
formulations when a small. particle size is necessary to achieve 
content uniformity in blends with finely divided active ingre- 
dients. In solutions, at high concentrations (70% w/v), confec- 
tioner's sugar provides increased viscosity along with some 
preservative effects. Confectioner's sugar is also used in the 
preparation of sugar-coating solutions and in wet granulations 
as a binder/diluent. See Table L 

Table I: Uses of confectioner's sugar. 



Use 


Concentration (%) 


Sweetening agent in tablets 


10-20 


Tablet diluent 


10-50 


See also Section 18. 



8 Description 

Confectioner's sugar occurs as a sweet- tasting, fine, white, 
odorless powder. 



SEM: 2 

Excipient: Confectioner's sugar 
Manufacturer: Frost 
Lot No.: 101A-1 
Magnification: 600 x 
Voltage: 20 kV 
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9 Pharmacopeial Specifications 

See Table II. 

Table II: Pharmacopeial specifications for confectioner's sugar. 



Test USPNF 20 



Identification + 

Chloride ^0.014% 

Calcium + 

Heavy metals <5ppm 

Loss on drying ^ 1 .0% 

Microbial limits + 

Organic volatile impurities + 

Residue on ignition ^0.08% 

Specific rotation ^62.6° 

Sulfate ^0.006% 

Assay ^95.0% 



10 Typical Properties 

Density (bulk): 0.465 g/cm 3 
Density (tapped): 0.824 g/cm 3 
Moisture content: 0.1-0.31% 

Particle size distribution: various grades with different particle 
sizes are commercially available, e.g., 6X, 10X, and 12X 
grades of confectioner's sugar from the Domino Sugar 
Corp. Mean particle size is 14.3 um. 

For 6X, 94% through a #200 (75 um) mesh 

For 10X, 99.9% through a #100 (150 um) mesh and 97.5% 
through a #200 (75 um) mesh 

For 12X, 99% through a #200 (75 um) mesh and 96% through 
a #325 (45 um) mesh. 

rSplubility^the suerose .portion is water-soluble while the starch 
* pcjhio^s'Msoluble in water, although it forms a cloudy 
solution. 

1 1 Stability and Storage Conditions 

Confectioner's sugar is stable in air at moderate temperatures 
but may caramelize and decompose above 160°C. It is more 
hygroscopic than granular sucrose. Microbial growth may 
occur on dry storage if adsorbed moisture is present or in 
dilute aqueous solutions. 

Confectioner's sugar should be stored in a well-closed 
container in a cool, dry place. 

12 Incompatibilities 

Confectioner's sugar is incompatible with dilute acids, which 
cause the hydrolysis of sucrose to invert sugar. It is also 
incompatible with alkaline earth hydroxides, which react 
with sucrose to form sucrates. 

1 3 Method of Manufacture 

Confectioner's sugar is usually manufactured by grinding 
refined granulated sucrose with corn starch to produce a fine 
powder. Other anticaking agents, such as tricalcium phosphate 
and various silicates, have also been used but are less common. 



14 Safety 

Confectioner's sugar is used in confectionery and oral phar- 
maceutical formulations. It is generally regarded as a relatively 
nontoxic and nonirritant material. See also Sucrose. 

1 5 Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quantity of material handled. See also Sucrose. 

1 6 Regulatory Status 

Included in the FDA Inactive Ingredients Guide (capsules and 
tablets). 

1 7 Related Substances 

Compressible sugar; sucrose; sugar spheres. 

1 8 Comments 

Confectioner's sugar is not widely used in pharmaceutical 
formulations because the poor-flow characteristics prevent its 
use in direct-compression blends. However, confectioner's 
sugar is used when a smooth mouth feel or a rapidly dissolving 
sweetener is required, and when a milled/micronized active 
ingredient must be blended with a diluent of similar particle 
size for powders or wet granulations. 

Low-starch grades of confectioner's sugar containing 
0.01% w/w starch are also commercially available. 
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1 Nonproprietary Names 

BP: Sugar spheres 
PhEur: Sacchari spheri 
USPNF: Sugar spheres 

2 Synonyms 

Non-pareil; non-pareil seeds; NPTAB; Nu-Core; Nu-Pareil 
PG; sugar seeds; Suglets. 

3 Chemical Name and CAS Registry Number 



4 Empirical Formula 

See Section 8. 



Molecular Weight 



9 Pharmacopeial Specifications 

See Table I. 

Table I: Pharmacopeial specifications for sugar spheres. 



Test 


PhEur 2002 


USPNF 20 


Identification 


+ 


+ 


Heavy metals 


=^5ppm 


<5 ppm 


Loss on drying 


<5.0% 


^4.0% 


Microbial limits 


+ 


+ • 


Organic volatile impurities 




+ 


Particle size distribution 


+ 


+ 


Residue on ignition 


^0.2% 


<0.25% 


Specific rotation 




+41° to +61° 


Sucrose (dried basis) 


^92% 


62:5-91.5% 



5 Structural Formula 

See Section 8. 

6 Functional Category 

Tablet and capsule diluent. 

7 Applications in Pharmaceutical Formulation 
or Technology 

Sugar spheres are mainly used as inert cores in capsule and 
tablet formulations, particularly multiparticulate sustained- 
release formulations.^" 4 * They form the base upon which a 
drug is coated, usually followed by a release-modifying poly- 
mer coating. 

Alternatively, a drug and matrix polymer may be coated 
onto the cores simultaneously. The active drug is released over 
an extended period either via diffusion through the polymer or 
through to the controlled erosion of the polymer coating. 

Complex drug mixtures contained within a single-dosage 
form may be prepared by coating the drugs onto different 
batches of sugar spheres with different protective polymer 
coatings. 

Sugar spheres are also used in confectionery products. 

8 Description 

The USPNF 20 describes sugar spheres as approximately 
spherical granules of a labeled nominal-size range with a 
uniform diameter and containing not less than 62.5% and 
not more than 91.5% of sucrose, calculated on the dried basis. 
The remainder is chiefly starch. 

The PhEur 2002 states that sugar spheres contain not more 
than 92% of sucrose calculated on the dried basis. The 
remainder consists of corn (maize) starch and may also con- 
tain starch hydrolysates and color additives. The diameter of 
sugar spheres varies from 200 to 2000 jam and the upper and 
lower limits of the size of the sugar spheres are stated on the 
label. 



1 0 Typical properties 

Density: 

1.57-1.59 g/cm 3 for Suglets less than 500 um in size 
1.55-1.58 g/cm 3 for Suglets more than 500 um in size 

Flowability: <10 seconds, free flowing. 

Particle size distribution: sugar spheres are of a uniform 
diameter. The following sizes are commercially available 
from various suppliers (US standard sieves): 

45-60 mesh (250-355 um) 
40-50 mesh (300-^25 urn) 
35-45 mesh (355-500 um) 
35^0 mesh (420-500 um) 
30-35 mesh (500-600 um) 
25-30 mesh (610-710 um) 
20-25 mesh (710^850 um) 
18-20 mesh (850-1000 um) 
16-20 mesh (850-1180 um) 
14-18 mesh (1000-1400 um) 

Solubility: solubility in water varies according to the sucrose- 
to-starch ratio. The sucrose component is freely soluble in 
water, whereas the starch component is practically insolu- 
ble in cold water. 

Specific surface area: 

0.1-0.2 m 2 /g for Suglets less than 500 um in size 
>0.2 m 2 /g for Suglets more than 500 um in size 



1 1 Stability and Storage Conditions 

Sugar spheres are stable when stored in a well-closed container 
in a cool, dry place. 



1 2 Incompatibilities 

See Starch and Sucrose for information concerning the incom- 
patibilities of the component materials of sugar spheres. 
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1 3 Method of Manufacture 

Sugar spheres are prepared from crystalline sucrose, which is 
coated using sugar syrup and a starch dusting powder. 

14 Safety 

Sugar spheres are used in oral pharmaceutical formulations. 
The sucrose and starch components of sugar spheres are widely 
used in edible food products and oral pharmaceutical formula- 
tions. 

The adverse reactions and precautions necessary with the 
starch and sucrose components should be considered in any 
product containing sugar spheres. For example, sucrose is 
generally regarded as more cariogenic than other carbohy- 
drates, and in higher doses is also contraindicated in diabetic 
patients. 

See Starch and Sucrose for further information. 

1 5 Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quantity of material handled. 

1 6 Regulatory Status 

Included in the FDA Inactive Ingredients Guide (oral capsules 
and tablets).. Included in nonparenteral medicines licensed in 
the UK and Europe. The sucrose and starch components of 
sugar spheres are individually approved for use as food 
additives in Europe and the USA. 



1 7 Related Substances 

Compressible sugar; confectioner's sugar; starch; sucrose. 

1 8 Comments 
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